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[57] ABSTRACT 
A method of making an electrical contact to a metal on 
which an electrically insulating native oxide is formed 
I ncludes applying atoms or ions to the n ative oxideT 
heating the metal and oxide to a temperature and for a 
time effective to make the oxide, where the atoms and- 
/or ions have been applied, electrically conducting and 
in electrical communication with the metal. The inven- 
tion may be employed to establish electrical contacts 
with native oxide s on aluminum, molybdenum, nio- 
bium, tantalum, titaniu m, tungsten, and zirconium . The" 
v atoms and ionS include aluminum, antimony, arsenic, 
boron, gallium, indium, phosphorus, and silicon. An 
aqueous solution of boric acid and trisodium phosphate 
may be applied to establish electrically conductive re- 
gions in an oxide on niobium, tantalum, tit anium, and 
stainless steel after heat treatment . Brushing with palla- 
diu m wires mechanically applies palladium atoms t o 
t antalum oxide to establi sh electrical contact to the 
tantalum after h eat treatment. The invention is useful in 
terming containers for electrolytic tantalum capacitors 
nnHj^jnL^I^' metfll - tQ - metal elect rical connection s 
lor capa citors andco ntacts for switches and relays. 

26 Claims, No Drawings 
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to which an electrical connection can be easily made, 
METHOD OF MAKING ELECTRICALLY for example, by soldering. 

INSULATING METALLIC OXIDES In one application of the invention, the native oxide 

ELECTRICALLY CONDUCTIVE layer on a sheet of tantalum is treated in accordance 

5 . with the invention to convert the oxide from an electri- 
FIELD OF THE INVENTION cally insulating state to an electrically conducting state. 

_ . . . „ Thereafter, electrolytic capacitor containers are formed 

The present invention concerns a method of naturally fr£)m ^ sheet with the eIectricallv conducting oxide 
form on metals electrically conductive for establishing tfac container to form a direct electrical connec- 

stable electrical contacts to the metals underlying the w tion toa capacitor electrolyte as a terminal of the capac- 
oxides, i tor 

BACKGROUND OF THE INVENTION * n another application, an electrical connection be- 
tween two metals covered by native oxides is made 

A number of metallic elements and some metallic merely by physical contact between the metals treated 

alloys are well known to form tough metallic oxide 15 according to the invention. Direct physical contact 

liquids including water. These oxide coatings are highly connections simplify the construction of a stack of ca- 

stable and provide the metals and alloys with very high pacitor elements, permit switch and relay contacts to be 

corrosion resistance. Examples of elemental metals on made of metals forming native oxides without noble 

which native oxides are formed by exposure to air in- metal plating, and permit direct wire connections with- 

clude aluminum, molybdenum, niobium, tantalum, tita- 20 out soldering. 

nium, tungsten, and zirconium. Tough oxide coatings nFTATT Fn nFSCRTPTTON OF PREFERRED 

are also formed on some stainless steel alloys, such as DETAILED D ^C^PTTONOF PREFERRED 

316 stainless steel. EMBODIMENTS 

Although corrosion resistance is usually a highly In the invention, electrically insulating, native oxide 

desirable characteristic, the native oxides are usually 25 films on metals and metal alloys are treated to convert 

electrically insulating. When the metals and alloys are ' the oxide to an electrically conducting state. The 

used in electronic applications requiring the formation change in conductivity is brought about by the inclu- 

of an electrical contact to them, the oxides interfere sion in the oxide of selected foreign atoms and/or ions 

with the formation of the contacts. If the oxides are that facilitate electrical conduction. , 

removed by chemical treatment, such as etching with 30 The invention may be applied to numerous metal s H>1*°^> ,GL i- 

an acid or electrolytic etching, to expose the underlying that form native oxides, sucn as aluminum, molyo^e- J^W . 

metal, special steps must be taken in order to complete num, niobium, tantalum, titanium, tungsten, and zirco^ 

the electrical contacts before the native oxide can be The invention may also be applied to stainless _ 

regenerated and interfere with the electrical contacts. |j3 alloys. In . ordc r to mcorporate the selected f^ejgn J) i 

These measures require special apparatus and extremely 35 atoms and/or ions in the oxide layer the se fleeted Htar- W ^ 

careful handling of the materials Therefore, they add to eign atoms and/or ions m V^f 7*^ 

- - . . _ ^ / nf the ox ide. The foreign atoms may be deposited in a* Gf v At 

the cost of fabricating electronic components incorp^ tSbTnTon the native oxide by applying a solution in CK -ft 

rating these corrosion resistant materials to which dec whjch a und induding a f * rcign ^ is - V 

tncal contacts must be made. dissolved by condensation of the foreign atoms from a U 

It is, therefore, desirable to provide a process for. h b mec hanically applying the foreign 

making electrical contacts to metals and metal alloys on atQms tQ ^ or othe rwise. After the foreign 

which a native oxide forms upon exposure of the metal atQms m6/Qr {Qn& m appUfid the mcta] ^ native JC 

or alloy to air and/or water. oxide m su bj e cted to an elevated temperatur e for a * itf\j\^ 

SUMMARY OF THE INVENTION 45 time period effective to incorporate; the selected foreign v/^\I f 

atoms and/or ions int o the native oxid e film and to \Ja* v#4 /*^ 

In the invention, stable electrical contacts are made to Cfl£mge ^ nadve oxide ^ from m ^^1 insulator ^ 

a metal or metal alloy, such as aluminum, molybdenum, ^ m ^^0*1 conductor. The higher the temperature 

niobium, tantalum, titanium, tungsten, and zirconium, of tne fleat treatmen t ( the shorter the time required for 

on which a native oxide is present by altering the native 50 ^ incorporation of the foreign atoms and/or ions. This 

oxide from an electrically insulating to an electrically effect sug ge$ts diffusion of the foreign atoms and/or 

conducting conomp n, i.e., without removal of the na- ions mto ^ nat i V e oxide, but the exact mechanism of 

tive oxide layer to expose the underlying metal or alloy. incorporation has not been determined. 

According to the invention, selected foreign atoms The foreign atoms and ions of choice for the inye n- 
and/or ions are applied to a portion of the native oxide 55 tion inc lude alum inum, an timony, arsenic, boronTia l- 
on a metal or metal alloy where an electrical contact is Hum, mdiiimr'palladiunip phos phorus, and silicon . Bo- 
to be formed. The selected foreign atoms and/or ions Von, phosphorite, and palladium are preferred species 
may be applied in a solution, from a vapor phase, or for converting a native oxide film from an electrical 
mechanically to the native oxide. Examples of the atoms insulator to an electrical conductor, 
and/or ions are alu minum, antimony, arsenic, boron, 60 The usefulness of the invention has been demon- 
gallium, indium, palladium, phosphorus, and silico n. strated with tantalum. An aqueous solution of boric acid 
Thereafter, the metal and oxide to which the selected and tri sodium phosphate was applied to a tantalum 
foreign atoms and/or ions have been applied is heated sample. Boric acid is only slightly soluble in water and 
to a preselected temperature for a time effective to the trisodiuro phosphate was added to increase the solu- 
make the oxide, where the selected foreign atoms and- 65 bflity of boric acid and the concentration of boron in the 
/or ions have been applied, electrically conducting and solution. The solution was prepared by mixing three 
in electrical contact with the metal or metal alloy. The parts by weight of boric acid with five parts by weight 
electrically conducting area may be plated with a metal of trisodium phosphate. The mixture was then added to 



Page 2 (JMcNeil, 02/11/2001, EAST Version: 1.01.0015) 



5,098, 

3 

water to form a saturated solution. After degreasing the 
tantalum with organic solvents, the solution was applied 
with a brush to one side of the tantalum. Spraying, 
wiping, and other techniques may also be employed to 
apply the solution. The other side of the tantalum was 5 
protected from the solution. After the solution dried, 
the tantalum was heat treated in air at about 650* C. for 
about one minute. 

In order to determine whether the oxide was electri- 
cally conducting, the treated tantalum was employed as 10 
an electrode in a conventional copper electroplating 
apparatus using an aqueous solution of sulfuric acid 
containing copper ions as the electrolyte. Copper plated 
on the surface of the tantalum oxide that had been 
treated with the boron ions. However, there was no 15 
trace of copper on the opposite side of the tantalum'. 
This result demonstrates that the oxide was made elec- 
trically conducting where coated with the solution and 
heat treated but remained electrically insulating where 
not coated, even after heat treatment. An electrical lead 20 
was soldered to the copper plated tantalum, providing a 
direct electrical connection to the tantalum underlying 
the oxide film. Other metals, including noble metals 
such as palladium, silver, and gold, can be directly 
plated on the electrically conductive native oxide using 25 
conventional plating techniques. Plated contacts for 
switches and relays can thereby be made from metals 
torminfi native oxides without an oxide removal step or 
pdcessl Other techniques besides soldering may be 
used for attaching a lead to a metal plate on the electri- 30 
cally conductive tantalum oxide, thereby contacting the 
underlying tantalum. 

The tantalum surface is glassy because of the oxide 
and an applied solution tends to form beads, i.e., the 
surface has poor wettability. To combat that problem, a 35 
surfactant may be used to improve wetting of the tanta- 
lum oxide surface by the solution containing the foreign 
atoms and/or ions. Commercially available surfactants, 
such as Surfanol, a product of Union Carbide, and Jet 
Dry, a consumer dishwashing wetting agent, both pro- 40 
vided good results when directly added to the solution. 
Addition of two drops of surfactant to 100 milliliters of 
solution improved wetting of the tantalum oxide. . 

The same success in making electrical contacts to 
normally insulating native oxides has been achieved by 45 
applying the same solution to niobium, titanium, and 
316 stainless steel. The niobium and titanium were 
heated for thirty seconds in air at 650° C. The 316 stain- 
less steel was heat treated in air for sixty seconds at 500 s 
C. 50 

The invention is not limited to' application of the 
selected foreign atoms and/or ions from a liquid solu- 
tion. For example, selected foreign atoms may be ap- 
plied mechanically, for example, by impact or friction- 
ally. A brush made from palladium wires was brought 55 
into contact with and brushed across a dry tantalum 
surface. It is believed that palladium atoms were 
thereby mechanically transferred to the tantalum and 
tantalum oxide. The brushed tantalum was heated to 
900* C. for fifteen minutes, producing an electrically 60 
conductive surface that could be plated with a metal 
and otherwise electrically contacted to establish electri- 
cal contact to the underlying tantalum metal. 

The mechanism by which the electrically insulating 
native oxide is converted into an electrical conductor 65 
has not been fully confirmed. The native oxides have 

been known to exhibit certain properties of semicon- 
ductors. The addition of selected foreign atoms and/or 
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ions, such as aluminum, antimony, arsenic, boron, gal- 
lium, indium, palladium, phosphorus, and silicon, may 
alter the energy level structure within the oxide suffi- 
ciently to support electrical conduction. The selected 
foreign atoms and/or ions, once incorporated into the 
native oxide, are believed to provide charge carriers to 
the native oxide, either as negative charge donors or 
positive charge acceptors. 

The invention may be effectively applied in the man- 
ufacture of electrical components employing the metals 
and alloys that form native oxides. For example, an 
electrical contact established through a native oxide 
layer to tantalum can be directly employed in forming a 
container for a tantalum electrolytic capacitor, either of 
the "wet slug" type that employs a corrosive liquid 
electrolyte, such as sulfuric acid, or a dry type. In those 
capacitors, the well known corrosion resistance of tan- 
talum is exploited. Tantalum is the capacitor container 
and usually the cathode of the capacitor as well. The 
inside of the container is an electrical contact and, in 
wet slug capacitors, is in actual contact with the sulfuric 
acid electrolyte. However, the native oxide film is an 
electrical insulator that prevents good electrical contact 
between the tantalum cathode and the electrolyte. To 
overcome this problem, various techniques are used to 
eliminate the oxide layer, for example, removal of the 
oxide and plating the bare tantalum with an expensive 
noble metal, such as silver, gold, or alloys of silver,, 
gold, and platinum, or the formation of an electrically 
conducting tantalum compound, such as tantalum car- 
bide on the inside surface of the container. The materi- 
als employed are expensive and the steps required to 
plate the interior of the containers are costly and time 
consuming. In addition, the metal plating or electrically 
conducting compound must be disposed on the tanta- 
lum as a continuous film for maximum performance. 
Therefore, the plating or compound formation is car- 
ried out after the tantalum is formed into the container 
shape to avoid damage to the coating. The individual 
treatment of the separate containers adds to the cost and 
complexity of the manufacturing process. 

According to the invention, the native oxide on one 
side of a tantalum sheet can be made electrically con- 
ducting. Thereafter, a plurality of tantalum capacitor 
containers can be formed from the sheet with the elec- 
trically conducting oxide on the inside of each con- 
tainer. Typically, the capacitor containers resemble 
generally cylindrical cans and are formed by drawing 
the sheet Any damage to the oxide film during the 
container formation steps is naturally healed by the 
reformation of the native oxide without significant loss 
in the electrical conductivity of the treated oxide. Most 
preferably, an excess of the foreign atoms and/or ions 
are deposited on the native oxide. Any new oxide that 
forms after damage to the original but conducting oxide 
is readily made conducting by diffusion or another 
transport mechanism of the excess atoms and/or ions. 
The electrical connection to the can may be made di- 
rectly to the capacitor electrolyte or may be a physical 
wire connection from one electrode of the capacitor to 
the electrically conducting tantalum can. 

Since the steps of the invention are simple, the cost of 
precious metals and complex capacitor container fabri- 
cation steps are avoided. Similarly, the preparation of 
electrodes of tantalum and other metals that form native 
oxides for use in electrochemical cells, such as batteries. 

electroplating apparatus, and the like, is greatly simpli- 
fied by the invention. Instead of taking extraordinary 
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steps to eliminate the native oxide layer, the conversion 
of the oxide layer to an electrically conductive form 
permits direct use of the metal or alloy in these applica- 
tions. Electrical contacts are easily made to the electri- 
cally conducting oxide by conventionally electroplating 
metal on it "and attaching a lead or a wire to the electro- 
plated metal by a conventional technique, such as sol- 
dering, welding, brazing, thermocompression bonding, 
and the like. 

Typically, each packaged capacitor includes a plural- 
ity of capacitor elements electrically connected in se- 
ries. The capacitor elements are physically stacked. 
When the elements include tantalum electrodes, some 



10 



silicon to the native oxide by mechanically contacting a 
source of the selected atoms with the oxide. 

5. The method of claim 2 including forming an aque- 
ous solution of boric acid and applying the solution of 
boric acid to the electrically insulating native oxide. 

6. The method of claim 5 wherein the metal is tanta- 
lum and includes heating the metal and oxide to a tem- 
perature of about 650* C for about one minute. 

7. The method of claim 5 wherein the metal is se- 
lected from the group consisting of niobium and tita- 
nium and includes heating the metal and oxide to a 
temperature of about 650* C. for about thirty seconds. 

8. The method of claim 5 wherein the metal is 316 
stainless steel and includes heating the metal and oxide 



steps, such as ^ .'^»'^^J^ I ^ 15 to a temperature of about 500' C for about one minute 
ZJ?™t?^ t l l ?^??^°^. 9. A method of making an electrical contact to . 



tween the elements merely from physical contact. How- 
ever, in the invention, direct physical contact between 
two capacitor elements having treated, i.e., electrically 
conducting, oxides is sufficient for establishing good 
electrical connection. 

Likewise, other direct electrical connections, i.e., 
physical contacts, without applying special plating or 
protective steps can be made through the invention, 



ig an electrical contact to a 
tantalum body comprising brushing with a noble metal 
the native oxide on the tantalum body where an electri- 
cal contact is to be formed and heating the body to a 
20 make the native oxide, where the native oxide was 
brushed, electrically conductive and in electrical com- 
munication with the body. 

10. The method of claim 9 including brushing the 
tantalum with palladium and heating the brushed tanta- 



Relay and switch contacts.can be made of molybdenum, 2$ ^ ^ 90Q . c for abom minutes 

titanium, and tungsten and other metals that form native u ^ metnod of claim a including electroplating a 

oxides by treating the oxides according to the invention metal Qn the dectricaUy conductive oxide, 

to make them electrically conducting. If plated contacts J2 A method of ma king an electrical contact to a 

are desjrgcL Jhe electrically conductin_g_oxi de can bT f Tom ^ group consisting of niobium, 

reajily jiated without oxide stripping and oxide forma^ 3n ^^urn, titanium, and stainless steel comprising 



tion prevention step s 
<~ The invention has been described with respect to 
certain preferred embodiments. Various modifications 
and additions within the spirit and scope of the inven- 
tion will occur to those of ordinary skill in the art. 35 
Accordingly, the scope of the invention is limited solely * 
by the following claims. 
I claim: 

1. A method of making an electrically insulating na- 
tive oxide on a metal electrically conductive compris- 40 



ing: 



applying at least one selected from the group consist- 
ing of atoms and ions of aluminum, antimony, ar- 
senic, boron, gallium, indium, phosphorus, and 



applying a solution containing boron ions to at least • 
one area of an electrically insulating native oxide 
on a body selected from the group consisting of 
niobium, tantalum, titanium, and stainless steel 
where an electrical contact to the body is to be 
formed; and 

heating the body to a temperature and. for a time 
effective to make the native oxide, where the solu- 
tion was applied, electrically conductive and in 
electrical communication with the body, thereby 
forming an electrical contact to the body extending 
through the native oxide. 

13. The method of claim 12 including preparing an 



aqueous solution of boric acid and applying the aqueous 

silicon to an electrically insulating native oxide on 45 solution of boric acid to the electrically insulating na- 

a body selected from the group consisting of alumi- tive oxide. 

num, molybdenum, niobium, tantalum, titanium, 14, The method of claim 13 including preparing the 

tungsten, zirconium, and stainless steel; and aqueous solution of boric acid by dissolving a mixture of 

heating the body and native oxide to which the se- three parts by weight of boric acid and five parts by 

lected atoms and/or ions have been applied to a 50 weight of trisodium phosphate in water, 

temperature and for a time effective to make the 15. The method of claim 12 including adding to the 

oxide, where the selected atoms and/or ions have solution, before applying it to the native oxide, a surfac- 

been applied, electrically conductive and in electri- tant to improve the wetting of the native oxide, 

cal communication with the body. 16. The method of claim 12 including electroplating a 

2. The method of claim 1 including preparing a solu- 55 metal on the electrically conductive oxide. 



tion including ions selected from the group consisting of 
aluminum, antimony, arsenic, boron, gallium, indium, 
phosphorus, and silicon and applying the solution to the 
native oxide, thereby applying the selected ions to the 
body. 

3. The method of claim 1 including applying atoms 
selected from the group consisting of aluminum, anti- 
mony, arsenic, boron, gallium, indium, phosphorus, and 
silicon to the native oxide by condensing the selected 
atoms on the native oxide from a vapor phase. 

4. The method of claim 1 including applying atoms 
selected from the group consisting of aluminum, anti- 
mony, arsenic, boron, gallium, indium, phosphorus, and 



60 



65 



17. A method of making tantalum containers for ca- 
pacitors comprising: 
applying a solution including boron ions to an electri- 
cally insulating native oxide on one side of a tanta- 
lum sheet; 

heating the tantalum sheet to a temperature and for a 
. time sufficient to make the native oxide, where the 
solution was applied, electrically conductive and in 
electrical communication with the tantalum sheet, 
thereby forming an electrical contact to the tanta- 
lum sheet extending through the native oxide; and 
forming the tantalum sheet into at least two generally 
cylindrical containers for capacitors, the electri- 
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cally conductive native oxide being disposed on 
the inside of the containers. 

18. The method of claim 17 including heating the 
tantalum to about 650* C. for about one minute. 

19. The method of claim 17 including preparing an 
aqueous solution of boric acid and applying the aqueous 
solution of boric acid to the electrically insulating na- 
tive oxide. 

20. The method of claim 17 including preparing the 10 
aqueous solution by dissolving a mixture of three parts 
by weight of boric acid and five parts by weight of 
trisodium phosphate in water. 

21. The method of claim 17 including adding to the ^ 
solution, before applying ii to the native oxide, a surfac- 
tant to improve the wetting of the native oxide. 

22. A method of malting an electrically insulating 
native oxide on a metal selected from the group consist- 
ing of niobium, tantalum, titanium, and stainless steel 20 
electrically conductive comprising: 



8 

applying a solution containing phosphorus ions to an 
electrically insulating native oxide on a metal se- 
lected from the group consisting of niobium, tanta- 
lum, titanium, and stainless steel; and 

heating the metal and native oxide to which the solu- 
tion has been applied to a temperature and for a 
time effective to make the native oxide, where the 
solution was applied, electrically conductive and in 
electrical communication with the metal. 

23. The method of claim 22 including preparing the 
solution by dissolving a mixture of three parts by weight 
of boric acid and five parts by weight of trisodium phos- 
phate in water. 

24. The method of claim 23 including adding to the 
solution, before applying it to the native oxide, a surfac- 
tant. 

25. The method of claim 23 including electroplating a 
metal on the electrically conductive oxide. 

26. The method of claim 9 including electroplating a 

metal on the electrically conductive oxide. 

* • • • • 
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